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1 Introduction 
Magnetoencephalography (MEG) is a tool to 
investigate sources of brain activity with high 
spatial and temporal resolution. MEG also allows to 
evaluate higher cognitive functions like speech 
processing [3,7,13]. In this study we tried to 
investigate the time course of cortex activation of 
speech processing and to localize the underlying 
sources in a first step. Secondly we wanted to make 
these localizations available for clinical application. 
Functional mapping of speech eloquent areas is of 
high value for patients with brain tumors in the 
speech dominant hemisphere adjacent to the 
sensory (Wernicke) or the motor speech area 
(Broca). Neurosurgical treatment around eloquent 
brain areas bears a high risk of postoperative 
neurological deficits. To date the invasive Wada 
test [14] is the clinical standard to investigate 
speech lateralisation and memory functions. 
Functional mapping of eloquent areas is performed 
by intraoperative electrocorticography in local 
anesthesia at a few specialized neurosurgical 
centers only [11]. In recent years first results of 
noninvasive methods based on different physiologic 
mechanisms like MEG [3,8,13], fMRI [1,15,16] 
and PET [9,16] for mapping speech relevant areas 
and determining the speech dominant hemisphere 
were presented. Our aim was to preoperatively 
identify the speech dominant hemisphere and 
localize the speech relevant brain areas 
noninvasively by means of MEG. Similar to 
surgery of tumors around the sensorimotor cortex 
by functional neuronavigation [2,5] as performed in 
our department we wanted to make the MEG 
localizations intraoperatively available for the 
surgeon by displaying the Broca or Wernicke area 
in the operation microscope. 

2 Methods 
We investigated 8 healthy subjects (5 male, 3 
female, age range between 20 and 35 years) and 44 
patients (27 male, 17 female, between 10 and 69 
years) with brain tumors adjacent to the Wernicke 
or Broca area. 30 patients suffered from permanent 
or incidental speech disorders during seizures. All 

subjects and 38 patients revealed right handedness, 
six patients were clearly left handed, tested by the 
Edinburgh Handedness Inventory [7]. 
Measurements were performed simultaneously over 
both hemispheres with a 2x37 channel biomagnetic 
system (Magnes II, Bti, USA) in a magnetically 
shielded dark room. To prevent movement artifacts 
we embedded the subjects in a vacuum cushion. 
During the data acquisition we visually displayed 
meaningful pictograms on a screen in the first 
measurement. The subjects task was to name the 
pictograms silently in the mind. In a second 
measurement monosyllabic words were presented 
which the subject had to read silently. 

Figure 1: A patient (bsd, male, 40 years old) with a 
temporo-occipital brain tumor. A) Averaged data 
set over the right and left hemisphere showing the 
MEG time course of meaningful stimuli (silent 
naming). B) The field maps show a dipolar pattern 
for the left  but not for the right side. C)  Axial and 
sagital MR image with isocontour lines showing 
CLSF localizations in the posterior left superior 
gyrus (Wernicke’s area, m360) and the left inferior 
frontal gyrus (Broca’s  area, m570). 



About 300 meaningful and 150 meaningless stimuli 
were randomly displayed for 800 ms with an 
interstimulus interval of 2531 ms and a variation of 
500 ms. Eye movements and the ECG signal were 
simultaneously monitored. Epochs with motion and 
eye movement artifacts were manually discarded. 
The recorded data was digitally notch-filtered at 50 
Hz. To enhance the speech-relevant magnetic 
signals the averaged meaningless data set was 
subtracted from the meaningful [3]. 
For source localization we used the single dipole 
model as well as the current localization by spatial 
filtering (CLSF) [12] which is able to resolve 
multiple, simultaneously active sources. We 
calculated a laterality index (LI) taking the strength 
(S) of speech activated sources between left and 
right cortex activation into account to determine the 
speech dominant hemisphere individually for each 
patient: 

LI = (left S - right S) / (left S + right S) 

Positive LI values indicate left, negative values 
right hemisphere dominance. MEG results were 
superimposed on individual MR images by a 
contour fit program [4].  
The MEG localizations of the Wernicke or Broca 
area were intraoperatively displayed in the 
microscope eye pieces of a neuronavigation system 
(MKM and NC4, Zeiss, Germany). 

3 Results 
Early activation was caused by the visual response 
in both hemispheres localized occipital in the visual 
cortex and also in the right fusiform gyrus. 
In normal subjects a first strong temporal response 
was found at a latency around 360 ms which could 
be localized in the posterior part of the left superior 
temporal gyrus, the sensory speech area

Figure 2: Male patient (grc, 54 years old) with a successful resection of a 3rd recidive of a 
oligodendroglioma III (WHO) without speech deficits. A: MEG CLSF-localization of Wernicke (We)(m 290) 
and Broca (m590). B,D and E: Preoperative MR images with marked Broca area (white line) and tumor 
contour (hatched line). C: Intraoperative view through the operation microscope on the cortex surface with 
displayed Broca´s area and tumor contour (same orientation as in B, but different scale). F: Control of 
tumor resection with intraoperative MR. 

 



 (Wernicke). A second response could be found at a 
latency of around 500 ms with sources localized in 
the left inferior frontal gyrus, the motor speech area 
(Broca). Further activity could also be localized in 
the left inferior temporal gyrus, in the left superior 
frontal gyrus (primary eye field) and in the insula 
but these sources were not as strong as those of 
Wernicke and Broca. At a latency of around 700 ms 
we also found activation in the left central area. 
Comparing both paradigms we found an earlier 
response onset in the silent naming compared to the 
silent reading experiment for both the Wernicke 
and the Broca activation in patients and subjects. 
In the brain tumor patients a delay of the strongest 
group average CLSF Wernicke and Broca 
activation could be observed which was 17ms and 
140ms in the silent naming compared to  63ms and 
62ms in the silent reading task (c.f. table 1). 

Table 1: Group average latencies (mean and 
standard deviation = S.D.) of strongest CLSF 
activation and percentage of successful CLSF 
localizations for both tasks and either speech area. 

 
Dipole localization succeeded in all 8 subjects for 
the Wernicke area but only in 5 of 8 subjects for the 
Broca area. In patients dipole localization was even 
less successful.  Therefore the majority of patients 
was only investigated with the CLSF method. With 
this approach in all investigated subjects and in 43 
of 44 (97,7%) patients the sensory speech area 
(Wernicke) was identified. The motor speech area 
(Broca) could be localized in 8 of 8 subjects and in 
39 of 44 (88,6%) patients. The percentage of 
successful CLSF localizations indicates that the 
reading task is better suited to determine 
Wernicke’s area (83,9%) and the naming task is 
more sensitive to determine Broca’s area (72,7%). 
The hemispheric dominance for speech processing 
was determined by comparing the CLSF intensity 
of sources of the left and the right hemisphere. The 
Wernicke and Broca signal intensity revealed clear 
left hemispheric speech dominance in 42 of 44 
patients and in all investigated subjects. 

18 patients underwent tumor surgery. In 13 patients 
MEG localizations of Wernicke or Broca were 
intra-operatively displayed in a neuronavigation 
system. Postoperatively no patient suffered from an 
increase of a preoperatively existing speech 
impairment. 

4 Discussion 
The localization of Wernicke’s area in the posterior 
part of the superior temporal gyrus and Broca’s 
area in the inferior frontal gyrus support findings of 
previous evaluations using MEG [3,13] fMRI [1] 
and PET [9]. However, previous fMRI and PET 
studies sometimes showed wide extensions of the 
activated Wernicke and Broca area according to the 
classically assumed Wernicke and Broca area. Our 
findings constantly showed the maximum peak of 
the Wernicke activation immediately posterior of 
the Sylvian fissure and the Broca activation at the 
bottom of the inferior frontal gyrus directly anterior 
of the precentral gyrus. This supports findings 
gained by electrocortical stimulation of Broca’s 
area describing only a small area of the inferior 
frontal gyrus being constantly essential for 
language and which is located anterior to the motor 
strip [6] whereas the additional stimulation of 
different areas within the extended “classical” 
Wernicke or Broca area showed a great individual 
variability [6,11]. The removal of these additional 
areas did not necessarily result in a dysphasia 
which allows to assume that these areas might be of 
secondary importance for speech production [6]. 
Further multimodal investigations and comparisons 
with results of electrocorticography are necessary 
to support this hypothesis. 
The delay of the average CLSF Wernicke and 
Broca activation observed in the brain tumor 
patients might reflect the preoperatively existing 
speech disorders present in most of the patients. 
Functional mapping of speech related brain areas 
by MEG is a completely noninvasive method and 
seems to be a fast and accurate tool to investigate 
both the time course and the localization of sources 
of cortex activation during speech processing. In 
neurosurgical application these localizations can 
preoperatively help estimating the risk of 
postoperative speech disorder in patients with brain 
tumors in the vicinity of speech eloquent areas   and 
the surgical approach can be planned in a better 
way. Future studies are necessary to validate MEG 
localizations by comparison with alternative 
modalities as fMRI and PET – which do not 
directly reflect neuronal activity like MEG but 
indirectly show blood flow and metabolite 

sex Naming Reading Total
f / m Wern. Bro. Wern. Bro. Wern. Bro.

Subjects (N=8)
N  3 / 5 10 10 9 6 6 6 8 8

mean latency / ms 363 453 373 619
S.D. / ms 141 135 145 39

% 100 100 90 100 100 100 100 100
Patients (N=44)

N 17/27 44 34 32 31 26 20 43 39
mean latency / ms 380 593 435 681

S.D. / ms 106 265 162 166
% 100 77,3 72,7 100 83,9 64,5 97,7 88,6

latency delay / ms 17 140 62 63



consumption differences between activation and 
rest conditions - as well as with direct cortical 
stimulation. This invasive and burdening procedure 
cannot unequivocally localize Wernicke’s and 
Broca’s area because the stimulation of a variety of 
cortex areas may lead to speech arrest [10]. By 
comparing the strength of activation of MEG 
located sources of the left and the right hemisphere 
the hemispheric dominance can be determined. 
Investigation of a still greater number of subjects 
should result in findings similar to that of Wada 
[14] describing that in 96% of the right handed and 
in 70% of the left handed humans the speech 
dominance is located left hemispheric. In patients 
the MEG results also have to be confirmed by the 
invasive Wada test results in future investigations. 
The intraoperative use of MEG localizations in a 
neuronavigation system can support the orientation 
in the operation field. Tumors can be resected more 
radically without damaging the intraoperatively 
displayed speech related areas which reduces the 
risk of postoperative speech disorders.  
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